






I CALCULATION OF GROUP VELOCITY AND MEAN FREE PATH

Group velocities vg based on VCA band structures were presented in our last report. In
this period we have used the CRAY computer to carry out full CPA evaluations of the band
structure and alloy scattering rates including both diagonal and off-diagonal disorder for the
most promising alloys Gal-,InxAs and InP1.xAs,. Because this procedure automatically incor-
porates anisotropic intervalley scattering, we are able to calculate the group velocity and mean
free path for electrons launched into the alloy medium with various energies in different crys-
talographic directions. We are now adding phonon and impurity scattering to complete this
picture. The variation of these self energies with Z in the Brillouin zone are useful to the spe-
cialist; we do not include curves in this report because they are n)t of direct concern in device
design. Rather, we combine the self energies with the group velocity to calculate the alloy-
scattering-limited mean free path.

Figure 1 shows the group velocities V.g = 1/11 V E(k) for the conduction band states of

several alloys, Gal-.InAs (x = 0.5, 0.75), InP1_xAs, (x = 0.5) for r in the FX and FL direc-
tions. In all cases the group velocity reaches its maximum values in the EX (1,0,0) direction
Similar results have been found for the pure compounds GaAs, GaSb, InP, InAs, and InSb [see
Status Report 4 (13 June 1986)]. Notice that the peak values of vg in the rX direction are
12.1, 8.9, 11.6, 14.8, and 12.1 [107 cm/s], respectively. The value of vg in GaSb is smaller
than for the other alloys; otherwise, there is relatively little to choose among the others except
for InAs. The best of the lot is InAs, but the band gap of this material is relatively small for it
to be a practical choice for a room-temperature device.

In Figures 2 and 3, the mean free path due to alloy scattering X aloy, acoustic phonons

-ap, and longitudinal optical phonons Xorp are presented and combined into a total mean free
path, X, as follows:

X- 114 + %I+ ?L-1

al ap op

Acoustic phonons never dominate. Optical phonons are dominant at low momenta (energies)
and alloy-mediated intervalley scattering becomes dominant at higher momenta. Near the vg
peak, the mean free path drops to troublesome low values of a few hundred angstroms. Thus,
it may be necessary to inject the electrons with momenta ilightly smaller than those
corresponding to the highest v. to achieve a sufficiently long mean free path for a practical

device.

To emphasize this point in terms corresponding to actual experimental arrangements, we
have replotted in Figure 4 the group velocity and mean free path as a function of the injected

electron energy. All of these plots assume the electrons are injected in the (1,0,0) direction.
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Among the alloys studied, Gao,51no.5As and lP 0.5 Aso.5 both have maximum group velocities of
approximately 13.0 x 107 cm/s. This is not appreciably higher than the group velocity for pure
GaAs. We therefore conclude !hat, for ballistic transport devices, the pure compounds have
electronic properties that are as good or better than those of any alloy. Thus, in this applica-
tion, any use of alloys would be motivated by other ccnsiderations (e.g. larger elastic constants,
redt ced dislocation densities, a tailored band gap, or lattice constant matching).
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Table I

PEAK DRIFT VELOCITY AND CORRESPONDING FIELD

Peak Field
Drift at

Velocity Peak
vr Ep

Vp
Compound (107 cms) (kV/cm)

GaAs 2.3 4
InAs 4.2 1.5
InP 3.6 8.0
Gao.51nosAs 3.7 2.8
InP0 .5As0 .5  4.4 3.5
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III CONCLUSIONS AND RECOMMENDATIONS

We draw somewhat different conclusions about the utility of alloys in ballistic and drift
transport dominated devices:

For ballistic transport devices:

Direct gap materials are best.

Electrons should always be injected in the (1,0,0) direction. The next best direc-
tion, is the (1,1,0) followed by the (1,1,1).

GaAs, InP, and InAs have about equally high peak group velocities, and all can
function at room temperature (although InAs is marginal).

No alloy has an appreciably higher peak group velocity than the pure compo>urds
identified above.

If alloys are chosen, the decision will be made on the basis of properties other than
maximum speed.

Conclusions regarding drift transport devices are somewhat tentative because the wkav
phonons are included requires further improvement; however:

All favorable alloys have constituents with direct band gaps.

Both Gal-,InAs and InP 1_,As, have distinct advantages over the most favorable
pure compounds (GaAs, InP, and InAs).

- The InPl-xAs, alloy may be somewhat less sensitive to charged impurity scattering
than Gal.,lnAs. (This is the start of a study of nonideal effects.)
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IV ADMINISTRATIVE INFORMATION

A. Equipment Purchased or Constructed

None.

B. Trips. Meetings. Papers, and Visits

Drs. Arden Sher and Srinivasan Krishnamurthy attended the International Conference on
Semiconductor Alloys in Snowmass, Colorado, 15 September 1986.

C. Problems or Areas of Concern

None.

D. Deviation from Planned Effort

None.

E. Fiscal Status

The total contract funding for the three year period is $611,296. Of this, $195,287 was
allocated to the first year. Including the burden, approximately $22,000 was intended to pay
the consulting fee of An-Ban Chen, leaving approximately $173,000. In the first year ending
31 May 1986, we spent approximately $192,000. Year Two has been allocated $203,655 with
$20,284 intended to pay the consulting fee of An-Ban Chen. During the first quarter of Year
Two (1 June to 31 August 1986), $49,000 was spent.
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